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screened at Tampa General Hospital

Sybil N. Prewitt

(ABSTRACT)

The difference in otoacoustic emission (OAE) hearing screening failure rates as a
function of ethnic category was investigated in a population of newborns at Tampa
General Hospital, Tampa, Florida. Clinic observation led to a concern that due to a
higher incidence of outer and middle ear dysfunction in Hispanic newborns and children,
screening could result in disparate failure rates, with a larger number of these infants
requiring further testing. This result would warrant changes in current protocols, as well
as screener training, and parent counseling practices.

Between January and July of 2000, 1407 newborns were tested utilizing distortion
product otoacoustic emission screening protocols. Of those infants, only 68 failed,
yielding a higher than average overall program referral rate of 5%. It is hypothesized that
since later reported referral rates for this program fall below 1%, the individuals
performing the screenings had not yet become experienced enough to yield low refer
rates. In addition, initial screens are not repeated in this program due to staffing and
funding issues, which may contribute to higher than average fail rates.

More important, however, results indicated that there is indeed a difference in
failure rates as a function of ethnicity, with a greater proportion of Hispanic and AfricanAmerican and “Other” newborn referrals than Caucasian or Asian newborns. This
difference, however, was not significantly reliable. It is hypothesized that this difference
may be the result of a generally lower socioeconomic status and access to medical care
within urban minority populations in Hillsborough County, Florida. Implications are
discussed.
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Difference in hearing screening failure rates as a function of ethnicity in well newborns
screened at Tampa General Hospital

Childhood hearing impairment can have devastating effects on the development
of speech and language abilities that may effect later cognitive ability, social interaction,
emotional development, and academic performance. The earlier a child is identified as
having sensorineural hearing impairment and intervention is initiated, the more
successful the expected outcomes. Indeed, if intervention is initiated before six months
of age, a child may incur no delay in language development (Yoshinaga-Itano, Sedey,
Coulter, & Mehi, 1998).

While screening newborns at risk for hearing impairment has been recommended
for many years, the average age of identification remained high at approximately 30
months of age (Harrison & Roush, 1996). Children with mild to moderate impairments
were often not identified until school age years due to their inconsistent responses to
sound (Elssmann, Matkin, & Sabo, 1987). Despite the obvious need for early
identification and intervention, screening of all newborns was not previously thought to
be cost effective or feasible due to speed of technology and manpower necessary to carry
out screenings on a universal basis. What has made universal newborn screening feasible
in recent years is the advancement of technology and widespread use of Otoacoustic
Emissions (OAE) and Automated Auditory Brainstem Response (AABR) equipment
(White, 1996).

OAE measures can be reliably used to detect sensory hearing loss in neonates at
frequency ranges above 1500 Hz. The OAE is known, however, to be sensitive to outer
ear canal obstructions and middle ear dysfunction, which may lead to a referral where
normal sensory function is present (Chang, Vohr, Norton, & Lekas, 1993; Doyle,
Burggraaff, Fujikawa, Kim, & MacArthur, 1997). Despite this limitation, both forms of
OAE, Distortion Product OAE and Transient Evoked OAE, have gained acceptance for
use in screening programs. This is primarily due to ease of use and portability of
equipment, accuracy of measurement, and speed of testing. Though AABR programs
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have slightly higher pass rates than OAE programs, both are accepted techniques for
UNHS (Finitzo, Albright, & O’Neal, 1998; Johnson, Kuntz, Sia, White, & Johnson,
1997; Mason & Herman, 1998; Vorh, Carty, Moore, & Letourneau, 1998; White, 1996).
Distortion Product Otoacoustic Emission (DPOAE) screening is utilized in the Tampa
General Hospital program.

As a result of the advancement in affordable technology, universal newborn
hearing screenings (UNHS) are being mandated through state legislation across the
country, with the latest legislation passing in the state of Florida. Beginning October 1,
2000, all newborns in Florida must receive a hearing screening. While programs will
identify hearing impairment much earlier in life, wide spread implementation may raise
issues not anticipated. One such issue is a potential for disparate failure rates as a
function of ethnicity.

This study investigated the difference in failure rates as a function of ethnicity in
newborns not at risk for hearing impairment screened at Tampa General Hospital. The
Tampa General community consists of a primarily urban population, and the birth rate is
over 3,000 annually. Tampa General began a UNHS pilot program in March 1999.
Through participation in this program, the investigator observed an apparent
preponderance of initial hearing screening failure in Hispanic newborns, with the
majority passing subsequent screenings. Though this occurrence has never been
systematically investigated, other professionals in the state of Florida have made similar
observations (J. Stockard, personal communication, February 2000). If indeed a higher
incidence of false positive identification using OAE protocols is found among Hispanic
newborns, the reason for this finding should be investigated.

For example, possible influences with respect to ethnicity include factors
associated with middle ear effects on testing. It is not uncommon for newborns to exhibit
middle ear dysfunction. Otitis media with effusion (OME) resulting in a conductive
hearing impairment may be present at birth and clear gradually in weeks following
(Balkany, Berman, Simmons, & Jafek, 1977; Cavanaugh, 1987; Jaffe, Hurtado, &
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Hurtado, 1970; Stockard & Curran, 1990). Middle ear abnormalities, such as OME, can
increase the noise floor of DPOAE measurements, significantly influencing pass/refer

status (Popelka, Karzon, & Clary, 1998). When the noise floor of a DPOAE is increased,
the level of the measured distortion product is reduced. Protocols are based on a certain
level of distortion product measured at each frequency, thus increased noise floors due to
OME at any or all frequencies can result in a measure not sufficient for pass status. It is
reasonable to deduce that a protocol that measures fewer frequencies, such as the “Oz”
system utilizing five test frequencies, would yield a higher fail rate.

Interestingly, research has shown higher rates of OME in Hispanic, versus nonHispanic, children (Daly, 1991; Teele, Klein, & Rosner, 1980). Also, Gravel, McCarton,
& Ruben (1988) noted that Hispanic high-risk infants experienced OME at younger ages
than the African-American newborns in their study. This may explain the initial hearing
screening failure of Hispanic newborns, if such a difference in ethnicity is found through
this investigation. Implications for a positive finding may include changes in screening
protocols utilized, in parental counseling practices, and in screener training practices.

Method
Participants
Initial hearing screening records of 1407 well newborns, born between January
and July of 2000, and tested at Tampa General Hospital were reviewed for pass/refer
status and ethnicity as indicated on demographic records. Table 1 shows the number of
well newborns as a function of the ethnic categories: Hispanic, African-American,
Caucasian, Asian, and “Other”, as well as the number of infants who failed initial hearing
screenings.
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Table 1 Referrals as a function of ethnicity and birth rate.
Ethnic category

Number of Births

Number Referred

Hispanic

535

28

African-American

359

19

Caucasian

394

13

Asian

8

0

Other

111

8

Total

1407

68

Instrumentation
Each infant was screened prior to investigation with Grason-Stadler Incorporated
(GSI-60) Distortion Product Otoacoustic Emission equipment. Two sets of equipment
were utilized, including one computer containing “Oz” data management software.

Personnel
Either the audiologist program manager or one of three Doctor of Audiology
students preformed each screening. The students underwent training and supervision for
a period of at least two weeks, and had been employed by the program for at least one
month.

Screening Protocols
DPOAE screenings were preformed prior to discharge from the hospital, at which
time infants were a minimum of 1 hour old and a maximum of 48 hours old. As stated,
two pieces of equipment are utilized at Tampa General to determine pass/refer criteria.
The primary equipment used is GSI-60 DPOAE with “Oz” data management software.
The protocol installed to determine pass/refer status was developed to examine five
frequencies for average distortion product amplitude relative to the noise floor. A
minimum F1/F2 frequency ratio value of 1.21 is used at each frequency to determine
pass/refer, and four of the five frequencies must achieve this value in order to pass (T.
Finitzo, personal correspondence, December 6, 2000). Secondary, or back-up, equipment
is GSI-60 DPOAE that utilizes Hall (1994) published normative criteria.
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Results and Discussion

It will be recalled that of the 1407 newborns included in this study, 1339 passed
the screening and 68 were referred for further testing (Table 1). Figure 1 illustrates the
proportional pass/refer data as a function of ethnicity. It can be seen that proportionally
the “Other” ethnic group had the highest fail rates. It is not clear if these newborns would
have been classified in another ethnic group had the parent been available to complete the
demographic information upon admission to the hospital. A newborn fell into the
“Other” category in the event that a mother was unable to complete the report herself and
a staff member filling out the form could not identify ethnicity. It can be reasonably
assumed that this group included several newborns of varied races.

It can also be seen in Figure 1 that the next highest proportional fail rate was
equally shared between the Hispanic and African-American (5%) ethnic groups. The
Caucasian fail rate was only 3% and none of the Asian newborns screened were referred
for further testing. Although these differences in refer rates as a function of ethnicity
were observed, a chi-square test of independence failed to find a reliable difference
(χ2 OBS = 4.095 < χ2 crit (.05,4) = 9.488).

Figure 1. Proportion of referrals as a function of ethnic category.
1
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Refer
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Examining factors that may influence the validity of OAE screening procedures is
an important component in establishing widespread support and acceptance of results.
When clinical observation raises the possibility that factors other than sensorineural
hearing status might be influencing pass/refer rates it is important to systematically rule
out these factors. Clinical observation at Tampa General Hospital (TGH), Tampa,
Florida, led to the hypothesis that the proportion of infants failing initial OAE screening
was greater in Hispanic than in other ethnic groups. Although greater fail rates were
observed for Hispanic, African-American, and the “Other” ethnic groups as compared to
Caucasians and Asians, statistical analysis failed to support the research hypothesis.

The relationship between ethnicity and incidence of OME has been reported
extensively in the literature. Though evidence supports that Hispanic children have the
highest prevalence of any ethnic group, there remains inconsistency regarding prevalence
rates of Caucasian and African-American children (Lee, Gomez-Martin, & Lee, 1996;
Paradise, et al., 1997). In an investigation of incidence of OME over a one-year period,
Gravel, et al. (1988) reported comparable percentages of incidence in Hispanic and
African-American infant populations. It will be recalled that this investigation yielded
similar proportions of fail rates in these two ethnic categories. Many authors have
speculated about the reasons for this difference in ethnicity, however, there has been no
preponderance of evidence to support any one reason. Through an extensive, long-term
investigation by Paradise, et.al. (1997), one of the most important risk factors for OME
was determined to be socioeconomic status.

It is of interest to note that in Hillsborough County, Florida, the median income
among Caucasians is higher than among African-American and Hispanic ethnic groups
(U.S. Census, 1990), equaling $30,350, $17,409, and $23,748, respectively.1 It is not
unreasonable to hypothesize that the quality of prenatal health care may be positively
related to income level (e.g. McDonald & Coburn, 1988; Shapiro, Weiner, & Densen,
1958), and that poor prenatal care may negatively affect various aspects of health status,
including auditory function and middle ear status, at birth. As stated, socioeconomic
1

Census 2000 data were not yet available upon completion of this investigation.
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status has been correlated with the incidence of OME (e.g. Bush & Rabin, 1980;
Paradise, 1980; Stahlberg, Ruuskanen, & Virolainen, 1986). In a comparison of prenatal
care by Caucasian and African-American women in their third trimester, Kogan,
Kotelchuck, & Johnson (1993), found that African-American women were less likely to
attend scheduled appointments despite payment status and barriers to care. Thus, the
observation of a possible ethnic influence on failure of newborn OAE screenings might
have been the result of the relation of ethnicity to income level, access to medical care,
and cultural differences, rather than due to any other reported differences in ethnic
groups. This hypothesis can be examined in future investigation.

Another important consideration is the finding of an overall referral rate of 5% for
the population of infants under investigation in a period of seven months. This rate is
higher than that recommended by Joint Committee on Infant Hearing: 2000 Position
Statement. The statement recommends an annual referral rate of less than 4% within one
year of program initiation. The national average referral rate of programs in operation for
one year or longer is reportedly under 2% annually (Yoshinago-Itano, 2000). Fail rates at
TGH have improved considerably and are currently estimated to be less that 1% (J.
Stockard, personal communication, November 20, 2000). It will be recalled that the
individuals performing screenings at TGH are students in a Doctor of Audiology
program. As such, they are likely to have more knowledge of audiometric and early
intervention issues and a high level of motivation to administer a successful newborn
hearing screening program.

One possible explanation for the higher than average referral rate reported in this
investigation is that due in part to limited staff and funding, screeners at TGH rarely have
more than one opportunity to test infants prior to hospital discharge. Many programs
have the opportunity to test infants who fail initial screenings over a period of several
days. McNellis & Klein (1997) and Vorh, Kemp, Maxon, & White (1991) found that
OAE pass rates improve significantly upon repeat testing between the first and second
day of life. It is hypothesized that the initial presence and gradual clearing of debris
(vernix caseosa) in the ear canal or fluid in the middle ear is the cause of increased pass
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rates over time. Cavanaugh (1987), Chang, et al. (1993), and Doyle, Rogers, Fujikawa,
& Newman (2000), also support this finding.

While fail rates will become less as screener skills improve and time of testing
increases, it is important to consider all factors that may influence initial screening
failure. When it is recommended that an infant be retested, unnecessary parental
concerns may arise. As was reported by Sorenson, Levy, Mangione, and Sepe (1984),
retesting infants can result in anxiety if the process and need for further testing is not
adequately explained. The information provided by this investigation regarding factors
other that sensorineural hearing loss that may potentially influence pass/refer rates may
be useful as a counseling tool to aid minimizing parental anxiety. In conclusion, this
investigation supports the continuation and implementation of protocols as outlined here,
including the use of OAE screening by experienced professionals and trained,
knowledgeable non-professionals, regardless of newborn ethnicity.
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